Thyroid hormone stimulation of NADPH P450 reductase expression in liver and extrahepatic tissues. Regulation by multiple mechanisms.
The role of thyroid hormone in regulating the expression of the flavoprotein NADPH cytochrome P450 reductase was studied in adult rats. Depletion of circulating thyroid hormone by hypophysectomy, or more selectively, by treatment with the anti-thyroid drug methimazole led to a 75-85% depletion of hepatic microsomal P450 reductase activity and protein in both male and female rats. Thyroxine substantially restored P450 reductase activity at a dose that rendered the thyroid-depleted rats euthyroid. Microsomal P450 reductase activity in several extrahepatic tissues was also dependent on thyroid hormone, but to a lesser extent than in liver (30-50% decrease in kidney, adrenal, lung, and heart but not in testis from hypothyroid rats). Hepatic P450 reductase mRNA levels were also decreased in the hypothyroid state, indicating that the loss of P450 reductase activity is not a consequence of the associated decreased availability of the FMN and FAD cofactors of P450 reductase. Parallel analysis of S14 mRNA, which has been studied extensively as a model thyroid-regulated liver gene product, indicated that P450 reductase and S14 mRNA respond similarly to these changes in thyroid state. In contrast, while the expression of S14 and several other thyroid hormone-dependent hepatic mRNAs is stimulated by feeding a high carbohydrate, fat-free diet, hepatic P450 reductase expression was not increased by this lipogenic diet. Injection of hypothyroid rats with T3 at a supraphysiologic, receptor-saturating dose stimulated a major induction of hepatic P450 reductase mRNA that was detectable 4 h after the T3 injection, and peaked at approximately 650% of euthyroid levels by 12 h. However, this same treatment stimulated a biphasic increase in P450 reductase protein and activity that required 3 days to reach normal euthyroid levels. T3 treatment of euthyroid rats also stimulated a major induction of P450 reductase mRNA that was maximal (12-fold increase) by 12 h, but in this case no major increase in P450 reductase protein or activity was detectable over a 3-day period. Together, these studies establish that thyroid hormone regulates P450 reductase expression by pretranslational mechanisms. They also suggest that other regulatory mechanisms, which may involve changes in P450 reductase protein stability and/or changes in the translational efficiency of its mRNA, are likely to occur.